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Introduction
On March 25, 1999, the National Marine Fisheries Service (NMFS) listed the
anadromous Oncorhynchus mykiss (O. mykiss), or steelhead, population in the Middle
Columbia Evolutionarily Significant Unit (ESU) as threatened under the Endangered
Species Act, and deemed that the federal Columbia River Hydropower System (FCRPS)
posed jeopardy to this ESU. To mitigate for the impacts of the dams, the FCRPS
Biological Opinion issued by NMFS, emphasized improving spawning and juvenile
rearing habitat in the tributaries to achieve recovery of the population.
Many anthropogenic disturbances affect stream ecosystems including logging,
mining, urbanization, road building, dams, and livestock grazing. Grazing by livestock
has damaged 80% of the stream and riparian ecosystems in arid regions of the western
United States (Belsky et al. 1999). In the western U.S., grazing occurs on the majority of
federal lands, including national forests, national wildlife refuges, lands administered by
the U.S. Department of Interior’s Bureau of Land Management (BLM), and some
national parks (Armour et al. 1994, Knapp and Matthews 1996). A U.S. Department of
Interior report from 1994 concluded that riparian areas had continued to decline since
the 1934 passage of the Taylor Grazing Act and found that 20% of the riparian areas
under BLM management are non-functioning while 46% were functioning at risk. The
report also noted that less than 20% of the riparian habitat in the west is in a properly
functioning condition (Belsky et al. 1999). Riparian zones are used by livestock 5-30
times more than upland areas in allotments due to their proximity to water, forage
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quantity and quality, and shade and microclimates. Roath and Krueger (1982) found
that the riparian zone made up only 1.9% of the grazing allotment, in their study site in
the Blue Mountains of eastern Oregon, but produced 21% of the available forage and
made up 81% of the forage consumed by cattle.
The Oregon Department of Fish and Wildlife (ODFW) recognized the impacts of
grazing on streams and O. mykiss habitat 25 years ago and implemented riparian fence
projects to exclude grazing within riparian zones on both private and public lands. This
ongoing project has resulted in more than 200 miles of riparian fencing in the John Day
Basin with the objective of maintaining or restoring spawning and rearing habitat for O.
mykiss. The use of riparian fencing to restore grazed stream ecosystems has been
touted as the way to achieve maximum protection of stream ecosystems within grazed
landscapes (Platts and Wagstaff 1984, Beschta et al. 1991, Goodwin et al. 1997). The
Bonneville Power Administration (BPA) has been funding these fencing projects as
mitigation for the hydroelectric dams on the Snake and Columbia Rivers as called for
under the FCRPS Biological Opinion but recently threatened to end the project if ODFW
could not demonstrate a response in habitat quality and quantity or O. mykiss
production due to fencing. ODFW along with the Integrated Status and Effectiveness
Monitoring Project (ISEMP) developed a study to evaluate the effectiveness of the
fencing projects in the John Day Basin.
The impacts of cattle to the riparian zone and the stream channel can be
relatively sudden and at times catastrophic. If grazing pressure to riparian vegetation is
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removed, it stands to reason, that riparian function will be restored. However, time
frames and dependencies of different processes to respond to this passive restoration
approach that lead to the biological integrity of a stream ecosystem are not well known
(Beschta et al. 1994, Opperman and Merrenlander 2004). I compared reaches of
streams with and without exclosures in the John Day to determine whether the removal
of livestock from riparian zones lead to the recovery of riparian vegetation, geomorphic
and habitat responses, and ultimately to improvements to local O. mykiss populations.
In addition, I used the varying age of the exclosures to help determine the expected
recovery times for the various processes. Here I present the rationale, approach, and
the results of my research.

Impacts of livestock grazing on riparian zones
Livestock grazing directly affects riparian zones by decreasing riparian vegetation
through consumption (Belsky et al 1999), and trampling, which often leads to altered
soil conditions, and structure (Kauffman & Krueger 1984, Roni et al 2002, Kauffman et al
2004). These impacts to the vegetation and soil structure lead to changes in hydrology,
the route and rate of sediment delivery, the allochthonous and structural inputs to the
stream, and local microclimates. The loss of riparian vegetation due to anthropogenic
disturbances leads to the loss of many of these services and functions (McIver & Starr
2001) resulting in degraded salmonid habitat.
Riparian vegetation affects the groundwater supply and exchange with stream
water (Belsky et al 1999, Poole & Berman 2001). The loss of vegetation reduces organics
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in the soil, pore space, and surface roughness (Kauffman & Krueger 1984, Roni et al
2002, Kauffman et al 2004), leading to a decrease in infiltration rates and an increase in
overland flow (Platts 1979). In healthy riparian zones, storm water is often absorbed,
enters groundwater storage, and is gradually released to the stream compared to
livestock disturbed riparian areas where water delivery more easily exceeds infiltration
rates and overland flow is more common. Increased overland flow and the loss of
surface roughness provided by riparian vegetation leads to increased rill and gulley
erosion. The loss of vegetation also results in an increase in soil detachment during rain
events (Belsky et al 1999).
More direct hydrologic routing through rills, gullies, and overland flow, along
with an increase in splash erosion often results in an increase of fine sediment input to
the stream due to livestock impacts to riparian vegetation. Riparian vegetation further
deters erosion by armoring the streambanks and soils against stream flow. Increased
resistance from streambank vegetation can lead to the deposition of sediment along
stream banks. The loss of vegetation results in unstable streambanks (Beeson and Doyle
1995) that may be further trampled by livestock (Kauffman &Krueger 1984, Armour et al
1994) or exposed to moving water causing banks to slump into the stream (Platts &
Rinne 1985). The direct and indirect impacts of livestock to water and sediment delivery
rates result in changes in channel morphology.
Stream ecologists have long recognized the importance of riparian areas in
providing energy and nutrients to streams (Vannote et al 1980, Junk et al 1989, Wipfli
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1997, Kawaguchi and Nakano 2001, Fausch et al 2010). For example the river
continuum concept (RCC) emphasizes the importance of riparian zone inputs to stream
systems in the form of large woody debris ( LWD), organic material, and nutrients
(Vannote et al 1980). The RCC is most prevalent in smaller systems while the flood
pulse concept (Junk et al 1989) looks at the nutrient exchanges that take place in stream
systems with an active floodplain during periods of overbank flow. Riparian vegetation
has been shown to be a source of allocthonous inputs to the stream in the form of leaf
litter and terrestrial invertebrates that become key components in the food web
(Kauffman & Krueger 1984, Kauffman et al 2004). Impacts to riparian zones affect the
stream by decreasing the allocthonous energy and LWD debris inputs to the stream
(Kauffman & Krueger 1984, Alexander & Allan 2007).
Riparian vegetation plays a major role in temperature regulation by providing
shading from radiant energy inputs, altered convective air flow, and insulation, resulting
in a thermal buffer and microclimate around the stream (Likens 1970, Platts 1979, Platts
& Rinne 1985, McIver & Starr 2001, Poole & Berman 2001). Bank failure increases the
width-to-depth ratio of the channel, while decreasing shading, resulting in increased
stream surface area that is exposed to sources of heat inputs from the sun, convective
air movement, and conduction through bed and bank material (Poole & Berman 2001,
Boyd & Kasper 2003).
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Impacts of livestock grazing on O. mykiss
and their habitat
On a daily basis, juvenile O. mykiss must perform multiple tasks including
foraging, resting and holding, avoiding predation, and thermoregulating (Van Winkle et
al 1998, Railsback and Rose 1999, Rosenfeld & Boss 2001, Railsback et al 2009). The
relative importance of these tasks changes from season to season, different flow and
thermal regimes, and different life stages (Schlosser 1991). These tasks require
different habitats; therefore complex reaches are more likely to provide the necessary
habitat requirements within the daily home range of a juvenile O. mykiss than simple
reaches. Livestock grazing has been shown to affect fish habitat by increasing W: D
ratios, increasing incision rates, decreasing percent of undercut banks, removing
vegetative cover, compromising bank structure, decreasing shade, and altering erosional
and depositional dynamics of the stream system (Belsky et al 1999). These alterations
tend to diminish habitat complexity and can negatively affect O. mykiss growth, survival
and production. Characteristics of a stream that are used to signify habitat complexity
include: channel unit types, topography, bed substrate, undercut banks, large woody
debris (LWD), overhanging riparian vegetation, aquatic invertebrate assemblage, and
thermal heterogeneity.
Channels impacted by grazing are often incised, have higher width-to-depth
ratios, and a decrease in channel unit diversity (i.e. less pools). As mentioned
previously, the loss of riparian vegetation can result in greater runoff and a more
peaked hydrograph, destabilized banks, further damaged via trampling, an increase in
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fine sediment inputs, and a loss of LWD. Destabilized banks and high flow events can
result in an increase in incision rates, which further decouples the stream from the
floodplain and groundwater from riparian vegetation (Pollock et al. 2007). Incised
streams tend to be less sinuous and have higher width-to-depth ratios (Schumm et al.
1984, Pollock et al. 2007). Increased erosion and deposition further impact pool habitat
as sediment is deposited in pools and stream substrate resulting in decreased
heterogeneity of habitat (Platts 1979, Armour et al 1994, Roni et al 2002). Pooling often
occurs upstream of LWD resulting in increased frequency of pool habitat within the
stream (Kauffman & Krueger 1984). Pools are an important habitat feature of stream
channels for salmonids; they provide predator, flow, and thermal refugia (Keller &
Swanson 1979, Beschta & Platts 1986, Fausch & Northcote 1992, Rosenfeld et al 2000).
The bed substrate of a stream reach reflects inputs of sediment from hillslope
processes and erosion within the watershed, including streambanks. An increase in fine
sediment can result in an increase in embeddedness and loss of heterogeneous bed
substrate. The loss of LWD and these hillslope processes also results in more
homogeneous substrate. Heterogeneous bed substrate can provide microhabitat for O.
mykiss. Cobble and boulders are used as refugia from predation and velocity. Juvenile
O. mykiss also burrow into gravels to escape predation and thermal stress from extreme
water temperatures (Cunjak 1996). Gravels are also required for redd construction and
egg survival. Different substrate types provide surfaces for periphyton and aquatic
invertebrate habitat thus influencing the available food resources for fish.
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Several forms of fish cover are lost with the removal of riparian vegetation.
Riparian vegetation provides hiding cover, and refugia from high water velocity for
juvenile O. mykiss (Beeson and Doyle 1995). LWD is an important structural component
of O. mykiss habitat which provides refugia from predation and stream velocity by
providing cover and resistance to flow (Johnson et al 1986, Liquori and Jackson 2001).
The shape and stability of the streambanks can create habitat diversity for fishes.
Undercut banks are used by fish as hiding cover, and resting and holding habitat.
Overhead cover also provides O. mykiss with refugia from terrestrial predators (Lake et
al 2007, Guensch et al 2008). Undercut banks are lost when banks become destabilized
and trampled.
Losses in riparian vegetation often result in changes in the food web structure
and forage for fish. Decreases in allochthonous inputs result in shifts in the aquatic
invertebrate assemblage and decreases in terrestrial insects (Lake et al 2007). LWD also
provides habitat for some aquatic invertebrates (Waters 1972, Radar & McArthur 1995),
increasing O. mykiss food abundance.
The loss of riparian vegetation has been show to increase stream temperatures
during summer and decrease temperatures in winter, which can result in ice formation.
Water temperatures drive fish physiological processes, where small changes in
temperature can result in large changes in growth and survival (Hughes 1998,
Railsback& Rose 1999, Hanson et al 1997). Warm stream temperatures have been
shown to limit the distribution of Oncorhynchus spp. in the streams of the northwestern
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United States. The upwelling of cold groundwater, hyporheic flow, within a stream can
provide patches of thermal refugia allowing fish to exist within warm water reaches
(Ebersole et al 2001, Ebersole et al 2003). Thermal patchiness within a stream is an
important habitat feature for species that are at or near the margin of their tolerance
range (Torgersen 1999). Opperman and Merrenlander (2004) found that temperatures
in pools found in exclosed reaches were typically cooler and explained that this was
likely due to narrower channels with less surface area exposed to heat inputs (solar and
conduction from the atmosphere) and deeper channels that are more likely connected
to groundwater resources. Increases in water temperature are a result of radiant
energy from the sun, convection, conduction, and tempered water inputs (groundwater
or hyporheic exchange) (Boyd & Kasper 2003, Opperman & Merrenlander 2004). Li and
others (1994) found that watersheds with greater riparian canopy cover had larger
populations of O. mykiss, and lower daily maximum temperatures. Zoellick and Cade
(2006) found that quantifying the shade provided to sagebrush desert streams by trees
and shrubs was an accurate predictor of habitat quality for redband trout.

Expected response of riparian zones, fish habitat
and O. mykiss to livestock exclosures
The goal of most livestock exclusion projects is to restore the biological integrity
of stream systems by removing the disturbance and allowing natural processes to
restore natural energy sources, flow conditions, biotic interactions, channel character,
and chemical variables. The exclusion of livestock has been shown to promote riparian
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plant recovery. In resilient systems, those that have plant communities adapted to
frequent harsh disturbances, this recovery may be relatively quick (Kauffman et al 1995,
1997, Alexander & Allan 2007). The rate at which riparian vegetation can be
regenerated is dependent on the resiliency of the native vegetation (Kauffman et al
1995, 1997), the proximity of the site to a source population (Bond & Lake 2003,
Beechie et al 2008), and connectivity to the water table (Lake et al 2007). Excluding
livestock can restore some of the competitive interactions of riparian vegetation by
increasing suitable habitat features but has very little impact on established alien
species within the reach (Landers 1997).
Livestock exclusion has also been shown to decrease the bulk density of riparian
soils (Kauffmann & Krueger 1984) allowing for increased infiltration and storage within
7-17 years of grazing cessation (Kauffman et al 2004). Increased water storage affects
flow extremes by releasing water over a longer period of time thus causing peakflows to
decrease and baseflows to increase. Overbank flooding in areas with stable vegetated
banks can lead to stream narrowing by depositing sediments against the bank and
associated vegetation (Opperman& Merenlender2004). Overhanging vegetation also
provides resistance to stream flow along banks creating areas of slower velocity and
sedimentation along banks (Platts 1979, Kauffmann &Krueger 1984) further decreasing
channel width. Streambanks that have been stabilized by vegetation along with
increased LWD in the channel and along the banks provide resistance to flow,
decreasing water velocity while trapping sediment (Platts 1979, Kauffmann &Krueger
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1984, Platts & Rinne 1985, McIver & Starr 2001) and aggrading incised channels
(Kauffmann &Krueger 1984, Roni et al 2002). As water tables rise and nutrient fluxes
between the aquatic and terrestrial environments are restored, riparian plants may outcompete upland species and shift vegetation assemblage composition back towards
what occurred in the area historically (Landers 1997).
As stream banks become stabilized and overland flow is attenuated, the
sediment load of a stream decreases (Kauffman et al 1995). This sediment load further
decreases as retention is enhanced by LWD (Goodwin et al 1997). The restoration of bed
substrate is aided by a decrease in sediment but will require natural inputs of gravels,
cobbles, and other substrates from an upstream source to restore the historic
composition.
In healthy riparian ecosystems, fluxes of nutrients and carbon sources between
the terrestrial and aquatic environment, along with energy input from the sun, maintain
plant and animal communities by regulating primary production and thus carbon
availability for secondary production throughout the ecosystem (Armour et al 1994,
Kauffman et al 2004, Lake et al 2007). The restoration of riparian vegetation along
streambanks increases allocthonous inputs and shading thus reducing instream primary
production (Kauffmann &Krueger 1984, McIver & Starr 2001) that, when coupled with
increased allocthonous inputs, causes shifts in the invertebrate assemblage.
Livestock exclusion can affect channel character by facilitating the
reestablishment of riparian vegetation resulting in increased shading and thermal
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buffering of the stream. By excluding livestock, the local point source of waste products
are removed from a system immediately, however, local nonpoint sources typically
require a longer time frame. Dissolved oxygen increases in the water column as water
temperatures decrease (Lake et al 2007, Allan & Castillo 2008) due to shading and more
turbulent flow that is created by LWD and increased bed roughness. Exclusion alone
can effectively remove local livestock inputs into a stream and help to improve water
quality by decreasing water temperature and erosion, but active measures may aid in
eliminating upstream inputs and speeding local recovery.
Following the removal of grazing disturbance, I expect riparian vegetation will
become more wetland-like, signifying a change in connectivity to groundwater. With
increased wetland vegetation, I expect to see decreased bank erosion resulting in less
local sediment inputs. Overtime, increased shrub and tree densities will also add
allochthonous inputs (e.g. large wood) as well as increased shading. I expect that the
changes in the plant community structure, overtime, will lead to changes in bank
stability, large wood inputs, stream shading, and decreased erosion. Such changes will
result in more pool habitat, increase in sediment size, and increased undercut banks.
Changes in the available habitat are expected to increase the growth, and abundance of
the O. mykiss population resulting in greater production within ungrazed reaches. To
test these hypotheses, I compared riparian structure, fish habitat and fish responses in
fenced portions of stream (ungrazed riparian zone, treatment, exclosures) to nearby
reaches of stream with continued grazing in the riparian zone (controls) over 14 paired
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treatment/control locations. Exclosures were implemented by ODFW between 2 and 25
yrs ago that also allowed me to evaluate the time required to observe these responses.

Methods
To create contrast as to the effects of grazing on fish habitat and fish
performance, we compared treatment (exclosed) to control (grazed) sites in14 streams,
selected from a list of completed fencing projects within the John Day basin over the
past 25 years. We evaluated riparian vegetation and services (i.e. shading, overhanging
vegetation, and banks) , and O. mykiss habitat in a nested design of geomorphic unit
types within sites, sites within treatment type, and treatment type within geographic
settings, making it possible to look at responses at multiple spatial scales.
The first step in the site selection process was the acquisition of permission to
sample the land from landowners or managers. After permission was obtained, sites
were evaluated based on topography, geology, and climate to insure that the treatment
and control reaches share underlying geology, landscape, drainage area, climatic
characteristics, and whether barriers to fish migration existed between exclosed and
grazed sites . With no barriers to migration between reaches, we assume that O. mykiss
in either site are choosing habitat based on bioenergetic profitability, competition for
resources, and avoidance of lethal factors such as predation (Fretwell and Lucas 1970,
Spina 2000, Rosenfeld et al. 2005).
We attempted to evaluate a site with a length of 40 times bankfull width (Moore
et al. 2008). To establish site length, bankfull measurements were recorded for five
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riffles and multiplied by 40 (Moore et al. 2008). In the absence of alternative sites
exceptions to length criteria, due to landowner permission on adjacent land, and/or
short exclosures caused us to sample some sites that were shorter than 40 times
bankfull. Within sites, geomorphic units were delineated based upon changes in
channel shape and slope (Hawkins et al. 1993, Moore et al. 2008) starting at a pool tail
at the downstream end of the site (Heitke et al. 2007). Each geomorphic unit was
numbered and classified as riffle, pool, glide, rapid, cascade, backwater, alcove, and
steps (Moore et al. 2008).

Riparian surveys
Vegetation surveys were conducted along greenline transects, the first line of
perennial vegetation parallel to the stream along each bank (Heitke et al. 2007,
Winward et al. 2000, Coles-Ritchie et al. 2007). As the surveyor moves along the
transect, they count steps with a tally counter that had been calibrated prior to
sampling by walking back and forth along a 200-m tape 4 times and taking the average
number of steps required to cover that distance, the three most dominant cover types
were identified by species, and the step number at which the composition changes was
noted. An estimate of percent cover was recorded for each species. The wetland
indicator status (as per NRCS plant database Region 9) was assigned to each of the three
species. A weighted value was assigned based on this status and the estimated percent
cover (Coles-Ritchie et al. 2007, Heitke et al. 2007; Table 1.3). The weighted values were
averaged by transect and reach to define a wetland indicator value (Coles-Ritchie et al.
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2007, Heitke et al. 2007) for the transect and the reach that was compared between
exclosed and grazed reaches. This weighted value was used to describe the connection
of the riparian zone to the water table (Coles-Ritchie et al. 2007, Heitke et al. 2007). A
3-m belt transect on the upland side of the greenline was used to quantify woody
vegetation. The genus and species of all trees along with their location along the
transect was recorded and binned by size classes (Moore et al. 2008). The density of
indicator shrubs, Red-osier Dogwood (C. sericea), Thin Leaf Alder (A. incana), and
willows (Salix spp.), ubiquitous throughout the John Day Basin, and associated with
healthy riparian zones, was estimated along the same belt transects.
With changes in riparian vegetation, I expected to see increased shading in
exclosed reaches. To measure stream shading, I used a solar pathfinder
(http://www.solarpathfinder.com). The Solar Pathfinder and associated software
(SolarPathfinder Assistant Version 4.1.19.0) output quantifies the amount of shading
(Clarke et al. 2004, Zoellick and Cade 2006) from digital photos taken of a convex
hemisphere. The amount of solar radiation input, occurring at any time and/or date, can
be extrapolated from this information using the associated software. The solar
pathfinder was used at 20-m intervals along the thalweg, the lowest points along the
length of the riverbed, of each site (Bouwes et al. 2010). Shading comparisons for warm
months (June-September) were compared between exclosed and grazed sites, using the
difference in means, to describe differences that may exist between sites.
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Habitat surveys
To measure the rate of change in water temperature, two HOBO Pendant
Temperature loggers, placed at the upstream and downstream end of each site,
recorded water temperatures at two-hour intervals. The difference between the
downstream and the upstream loggers was divided by the distance, along the thalweg,
between the loggers to find the rate at which the water temperature was changing.
Since the methods outlined above do not address all possible variables that lead to
increased stream temperatures, it is important to consider other possible sources that
may affect the rate of change as well.
Water temperatures in pool units were measured at each bank where bank
material meets bed material, at the deepest point in the pool, and at the surface of the
pool (Nielsen et al. 1994). Sampling pools at multiple locations may detect possible cool
water pockets that provide thermal refugia to juvenile O. mykiss by way of conduction
from bank and bed material, stratification, and hyporheic or groundwater inputs
(Nielsen et al. 1994, Boyd and Kasper 2003). This information may not explain the
source of cooler water temperatures but can be useful in documenting differences in
the availability of thermal refugia among pools, in the exclosed versus the grazed sites
(Ebersole et al. 2001, Lake et al. 2007).
We quantified stream physical components that influence habitat complexity
including: large woody debris (LWD), bed substrate, undercut banks, stream water
temperature, riparian vegetation, aquatic invertebrate assemblage, available slow and
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fast water habitats, refugia from predation (Guensch et al. 2008), velocity, and extreme
temperatures.
Within each geomorphic unit, LWD, boulders, substrate composition, and hiding
cover were measured or estimated. LWD that was greater than 10 cm in diameter and
1-m long was measured (Heitke et al. 2007) and used to define a LWD volume for each
geomorphic unit, which was divided by the unit’s area to find LWD density. Substrate
greater than 0.25 m, along the b axis, that protruded a minimum of 0.15 m above the
streambed, was counted as boulders. Moore and others (2008) define boulders as > 0.5
m; since I was interested in boulders as a source of refugia from high water velocities for
juvenile and young of the year (YOY) O. mykiss, smaller substrate was included, as well
as larger substrate that is used by larger fish that could perform that function. Bed
substrate composition was visually estimated by geomorphic unit using size classes
outlined by Peck et al. (2006; Table 1.1). These estimated data were supplemented with
reach-average grain size distributions collected utilizing a modified Wolman pebble
count technique (Wolman 1954, Schuett-Hames et al. 1994, Kondolf 1997). Geomorphic
units were divided into two general categories, pools and riffles. The sums of
geomorphic units in each of the two general classes were divided by 100 particles to
determine the number of particles necessary from each individual unit. A minimum of
200 particles were sampled per site using a measurement template. The average
particle size for D16, D50, and D84 was calculated for the riffles and pools and
cumulatively for each site.
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Fish hiding cover was estimated visually using the guidelines outlined in Table 1.2
for each of 7 variables. Cover estimates for each variable were recorded as a
percentage of the geomorphic unit area for which they provide cover (Table 1.2).
Undercut bank density was also estimated by geomorphic unit. Continuous lengths of
banks that were undercut by > 5 cm, with the ceiling of the undercut within 1m of the
water surface were identified. The start and endpoint of the undercut was estimated as
a percentage of the total thalweg length for that geomorphic unit (e.g. undercut begins
at 35% and extends to 55% of the unit length). The depth of the undercut was
measured at 25 and 75 % of the undercuts total length (Bouwes et al. 2010). The total
length of undercuts on river left and river right were found and the sum of undercut
lengths, divided by unit thalweg length, multiplied by 2 (∑undercut lengths/ thalweg
length*2) was use to describe the percentage of undercut banks for each unit.
Measurements of stream morphology were conducted along multiple transects
within each geomorphic unit. Transects were laid out at the bottom of each channel
unit and labeled as a percent of the unit length (i.e. bottom transect equals 0% middle
equals 50%) with at least one additional transect located in the middle of the channel
unit. If the channel unit was long or complex, additional transects were used to
describe the unit shape. Each transect included measurements of bankfull width, and
water depths taken at observed elevational changes in the bed surface (Bouwes et al.
2010). This data was supplemented by a total station survey at each site using standard
methods described by Harrelson and others (1994). Longitudinal profile elevations were
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taken approximately every three meters using a Topcon Total Station or, when
vegetation was too dense, an engineer’s level and stadia rod. Additional topographic
data of water surface elevation, bed surface elevation and bankfull elevation were
collected for each geomorphic unit along cross-sectional transects located at the
bottom, middle, and top of each unit.

Fish surveys
Fish population response to exclosures, as a result of changes in habitat, was
described using fish density (fish/m), condition factor (weight/ length), growth rate
(mm/day), and production (g/m2/summer). All fishing was conducted so the habitat
type in which the individuals were captured could be recorded and data collected could
be analyzed at the habitat type and site levels.
An early summer mark/ recapture fishing event was conducted at each site.
Weights, tail fork length, scale and tissue samples were collected from all O. mykiss that
were captured after which a size dependent mark was applied to identify previously
captured fish during this, a late summer resight event, and a fall recapture event. O.
mykiss greater than 70-mm tail fork length were marked using passive integrated
transponder (PIT) tags. O. mykiss less than 70 mm were marked with an upper caudal
fin clip.
O. mykiss abundance was estimated using the modified Lincoln-Petersen
equation
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Abundance ((

((𝑀+1)(𝐶+1))
(𝑚+1)

) − 1)

where: M=# initially marked and released, C= # captured during recapture event, m= #
of recaptures that had been marked initially. Population abundance estimates were
divided by the wetted surface area (m2) to define fish density for each site. Population
estimates that excluded young of the year (YOY) were also used to describe fish
densities due to an unequal likelihood of capture (Knapp and Matthews 1996) between
the earliest sites surveyed and later sites.
A late summer resight event was conducted using a mobile PIT tag antenna
during which O mykiss that had been PIT tagged during the early summer event, that
were still within our sites, were located once in the afternoon and again at dusk. To
minimize the movement of O. mykiss from one habitat type to the next, blocknets were
used at the upstream and downstream end of each channel unit, set prior to entering
the unit with the antenna. These data were collected by habitat type and were used to
describe habitat usage as well as provide additional resight data for survival estimates.
A fall resight event was conducted in which each site was revisited and
electroherding was used to capture fish. Each O. mykiss that was captured was
weighed, tail fork length measured, and checked for a PIT tag. This was conducted with
a minimum of one pass at each site and a maximum of three. Weights and lengths were
used in describing the summer growth rate for each site as well as finding the total
biomass to be used in estimating summer production. Each recapture pass provided
additional opportunities to detect previously tagged fish for survival estimates using
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Pollock’s Robust Design (Pollock 1982) in Program MARK (Kendall 1990, Cooch & White
2010) as well as find changes in fish biomass for production, and fall fish density.

Analysis
For O. mykiss and habitat responses, comparisons between exclosed and grazed
reaches were conducted using an analysis of covariance (ANCOVA), with exclosure-age
as the covariate, and stream as a block effect, to analyze differences between exclosed
and grazed paired sites, as well as differences among exclosure-ages (Gotelli and Ellison
2004). We used 90% confidence limits to assess the statistical significance of our
findings (Yoccoz 1991). To find the most appropriate model to use, all data were
analyzed using four ANCOVA models (user input parameters, type 3 ANCOVA, general
linear model, and restricted maximum likelihood) and the Akaike Information Criterion
(AIC) was used to determine the goodness of fit of each statistical model. From these
trials, I found that a restricted maximum likelihood model (REML) consistently provided
the best fit for our data. The REML model output was modeled graphically to describe
the interaction of differences between exclosed and grazed sites and exclosure-age
(Figure 1.1). Because the difference in means was found by subtracting the grazed value
from the exclosed value, a positive value on the graph indicates a higher value for the
given variable at the exclosed site (Figure 1.1). In cases where the variable is not
significantly different at the y intercept (exclosure age 0) we assume there was no
significant difference when fences were installed.
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As estimates of cover variables and substrate variables are highly correlated
(e.g. 100% fine sediment does not allow any other substrate to be present or 90%
overhanging vegetation cover limits the other sources of overhead cover) principal
component analysis (PCA) was used, separately, on the cover and substrate variables.
PCA was used to simplify the highly correlated data by grouping variables based upon
the amount of variation that each variable explained (Cutler et al. 2007). Using the
REML ANCOVA, variables that were found to explain the greatest amount of variation
(those found in PC1), were analyzed to further describe treatment effects expressed in
the cover and substrate components of habitat.

Results
Riparian vegetation
While there is between -stream variability in the data, at exclosure –age 0, there
was no significant difference in the mean wetland indicator values between understory
vegetation communities in exclosed and grazed sites. With increased exclosure age, the
difference in mean wetland indicator value also increase in the direction that indicates a
greater connection to groundwater resources in exclosed reaches with increased
exclosure-age (Figure 1.2). All but one stream with an exclosure greater than 7 years old
show a statistically significant difference in wetland indicator value between exclosed
and grazed understory plant communities.
The density of ubiquitous shrubs (Cornus sericea, Alnus incana, and Salix spp.)
associated with moist soils, often found around streams or wetlands (Hitchcock and
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Cronquist 1973), did not show a statistically significant difference between exclosed and
grazed reaches at any exclosure-age (Figure 1.3). We were unable to detect a
statistically significant difference in any of the indicator shrubs we surveyed.
Tree counts by size class were analyzed using 6 size bins (Figure 1.4). Our
analyses found a statistically significant difference in bin 1, bin 2, and bin3 indicating
that younger exclosures have a greater number of seedlings and saplings. Despite a
finding of no significant difference in the three largest size bins, there are indications
that younger sites have smaller trees and, with age, there is a shift towards larger trees
in older exclosures. Results from tree analysis were affected by the small number of
data points that were analyzed.
Stream shading was significantly greater in treatment sites at all exclosure-ages
with the differences becoming greater in older exclosures (Figure 1.5). Again the data
indicates that stream shading was greater in exclosed sites prior to the exclusion of
grazing. In all cases the aspect of the exclosed and grazed reaches alone does not
account for differences in shading and energy inputs to the stream prior to exclusion. In
one stream, Widows Creek, valley confinement may have had some influence on stream
shading prior to exclusion.

Habitat
An ANCOVA of LWD volume (m3/m2) data, with exclosure-age as a covariate, was
conducted to describe the differences between exclosed and grazed reaches. Initial
analysis of LWD data detected no statistically significant difference between exclosed
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and grazed reaches (Figure 1.6). However, if sites from Lower Fox Creek, which is
located in an area comprised of grasslands, are removed from analysis the slope of the
data indicates a more rapid recovery rate (Figure 1.6).
At all sites surveyed we were unable to detect a significant difference in the
width-to-depth ratio at any exclosure-age that was surveyed (Figure 1. 7). While we
were unable to detect a difference in the width to depth ratio, we did find a significant
difference in the habitat comprised of riffles versus pools (Figure 1.8). Analysis of our
data describes the opposite response to grazing removal indicating that grazed sites
have more pool habitat (Figure 1.8). An outlier in the data was recognized as being from
the Widow Creek sites. Widow Creek is located within a narrow canyon and has a
gradient of 0.0477 m/m (mean gradient of the rest of the sites is 0.0161m/m) and is
best characterized as rapid habitat (Brierley and Fryirs 2005). Analysis ran on all sites,
not including Widow Creek sites, produced nearly identical results indicating that, while
it was an outlier Widows Creek data did not influence the overall outcome.
Bed substrate was both measured and visually estimated in each site. Measured
distributions were characterized using the D16, D50, and D84 of each site. No statistically
significant difference in any size class at the riffle or site scale (Figure 1.9) was detected.
Estimated bed substrate was analyzed first using a PCA analysis (Table1.4). An ANCOVA
was conducted only on the variables that appeared in the Principle Component 1 (PC1;
fine gravel, sand, fines, and organic material). There was no statistically significant
difference between exclosed and grazed reaches at any exclosure-age (figure 1.10). Fish
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hiding cover was estimated within each geomorphic unit and an average value for each
cover type (Table 1.2) was found for each site. A PCA analysis of hiding cover data found
that PC 1 described 44.16% of the variation in our data (Table1.5). We were unable to
detect a statistically significant difference in overhanging vegetation, live tree
structures, small wood aggregates, or large wood cover (Figure 1.12). Undercut
densities between exclosed and grazed sites and our data indicate that exclosed sites at
older ages appear to have fewer undercuts than grazed sites (Figure 1.13) but not
statistically significant.
Our analysis indicates that there is no significant difference in the warming rate
between exclosed and grazed reaches (Figure 1.14). Figure 1.14 shows 2 outliers,
Widows Creek at exclosure-age 2 and Berry Creek at exclosure-age 7; while they are
outliers, the difference in temperature that we were detecting is so trivial that removing
the outliers does not make the data more meaningful statistically or biologically. We
also analyzed water temperatures at each pools maximum depth and water’s surface.

Fish
Fish density was calculated for each site using O. mykiss biomass estimates
derived from population estimates of each size class multiplied by the average weight of
that size class, summed across size classes, and divided by the site area. No statistically
significant difference was detected in fish density (g/m) or fish densities (fish/m) at any
of our sites during either our summer mark-recapture or fall recapture events (Figure
1.15 and 1.16). Fish production was found by subtracting the summer fish density (g/m)
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from the fall density (g/m). Using these methods our analysis indicates no statistically
significant difference in production between exclosed and grazed sites (Figure 1.17).
Since YOY had been excluded from biomass density estimates, the same analysis was
run with fish/m density estimates and was found to be not statistically significant
(Figure 1.17).
O. mykiss summer growth was calculated by subtracting the summer fork length
of tagged fish from the fall fork length of those tagged fish that were recaptured. The
summer growth rate of O. mykiss between exclosed and grazed sites were not
statistically significant (Figure 1.18).

Discussion
By removing grazing, the direct consumption of grasses and forbs and the
trampling of vegetation is curtailed including the seedlings of trees and shrubs (Platts
1982, Kauffman et al. 1983a, Kauffman et al. 1983b, Kauffman and Krueger 1984,
Hubert et al. 1985, Schulz and Leininger 1990, Green and Kauffman 1995, Belsky et al.
1999). The literature indicates that each stream responds at a different rate depending
on how far removed the present community is from its potential (Kindscy 1994), but
generally vegetation responds rapidly following livestock exclusion (Platts and Nelson
1984, Knapp and Matthews 1996, Roni et al. 2002, Sarr 2002, Opperman and
Merenlender 2004). A number of variables affect the recovery of vegetation following
exclusion, including the level of soil compaction (Kauffman et al. 1997, Kauffman et al.
2004), level of invasive species establishment (Green and Kauffman 1995), connection
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to the water table (Dobkins et al. 1998, Coles-Ritchey et al. 2007), and connection to a
seed source (Katz et al. 2009).
A shift in vegetation community towards a more wetland dominated
composition (as shown with a higher indicator value) has been used to show a
reconnection of the floodplain and the water table (Dobkins et al. 1998, Coles-Ritchey
2007). I found that wetland indicator values for understory plant communities
increased in the older exclosures relative to their corresponding grazed sites on the
same streams. In Spawn Creek, in northern Utah, Hansen and Budy (2011) noted a
response in vegetation three years after the exclusion of livestock. I saw a change in
riparian vegetation community structure in exclosures older than 5 yrs. I suspect that
these older exclosures were generally more connected to the water table due to
increased infiltration with less soil compaction allowing the riparian zone plant
community to shift towards more hydric species characteristic of healthy riparian zones
(Dobkins et al. 1998, Coles-Ritchie et al. 2007). This is consistent with the decrease in
soil bulk density within 7-17 years of grazing cessation observed by Kauffman et al
(2004).
Katz and others (2009) found that the recovery of a groundwater connection
between the stream and floodplain on the San Pedro River of Arizona, following the
cessation of groundwater pumping, resulted in multiple different responses along the
same river. They go on to hypothesize that one of the reasons for this response was the
spatial context of their sites, with some nearer a seed source, a response in hydric
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vegetation was likely more rapid because of access to reproductive propagules while a
vegetatively measured response will take longer to detect at sites further from a seed
source. I found the vegetation in the two exclosures in Lower Fox Creek, both 3yrs and
25yrs in age did not look any different than the grazed sites or the vegetation in the
surrounding area. This was a monoculture of grasses with no evidence of seed sources
nearby. Like Katz et al. (2009), I believe the lack of reproductive propagules prevented
revegetation in theses exclosures, despite one of them being greater than 20 yrs old.
This result suggests that planting of desired riparian species might be necessary to
increase recovery times of riparian communities.
While we were unable to detect a significant difference in indicator shrub
densities, we did observe that older exclosed sites have a greater density of shrubs than
their grazed counterparts indicating that time since exclosure is likely an important
factor to consider.
We expected to see that younger sites would have a greater number of seedlings
and saplings while older sites would have a greater number of larger trees. In Figure
1.4, we see that the general trend indicates that seedlings and saplings are more
abundant in younger sites. We feel that the response that we describe in the vegetation
communities is consistent with what we expected to see but is not statistically
significant due to decreased detection probability as a result of small sample size and no
pre-exclosure data. As larger trees and shrubs become established in exclosures, we
expected to see an increase in stream shading along the length of exclosed streams.
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Increased stream shading, as a result of increased woody vegetation, can
decrease the rate at which water temperatures increase and provide a thermal buffer
by decreasing convection with warmer/ colder temperatures in the terrestrial
environment (Rosenfeld et al. 2007, Bayley and Li 2008). We did find that stream
shading was significantly different at all exclosure-ages indicating that the exclosed
reaches had greater shade prior to the installation of exclosures and a modest increase
in shading with exclosure age. To assure that our shading measurements were truly a
measure of shading and not a result of sites with different aspects each stream was
examined to see if the exclosed and grazed sites had a shared aspect and it was found
that the aspect was the same for sites occurring on any given stream. We did find that
the Widows Creek exclosed site, which is located upstream from the grazed site, is in a
slightly more confined valley but both sites run from north to south making the
influence of the valley less influential in shading.
We examined the rate at which water temperature was changing in each site
and compared the rate of the exclosed and grazed site at each stream to see if the
warming rate was different. Although we saw an increase in shading, we did not see the
expected difference between the warming rates in the exclosed and grazed sites (Figure
1.13). Bayley and Li (2008) suggest that the stream length of many restoration projects
are not long enough that shading alone would greatly impact the waters warming rate.
Given the length of our reaches and modest increases in shading, it is not surprising that
small changes in warming were not observed.

30
A connection to the water table that allows buffered groundwater inputs to the
stream can also decrease the rate at which water temperatures increase along the
length of a reach providing thermal refugia for O. mykiss (Ebersole et al. 2001, Lake et
al. 2007). We measured water temperature in pools and compared the water surface
temperature to the temperature that was collected at the maximum depth of the pool
to detect possible pockets that may provide thermal refugia to juvenile O. mykiss by way
of conduction from bank and bed material, stratification, and hyporheic or groundwater
inputs (Nielsen et al. 1994, Boyd and Kasper 2003). We were also unable to detect
temperature heterogeneity in pools (Figure 1.14). We did not expect to find that pools
were stratified due to the constant flow of water in and out of stream pools but we did
expect that deeper pools were more likely to be connected to the water table and
would have a source of cold water inputs if this were the case.
Riparian vegetation also provides streams with physical structure in the form of
LWD and bank strengthening roots. If we had seen an increase in the number of large
trees in our exclosures, I expected to see an increase in the volume of LWD within
exclosed sites and that older exclosures would have higher volumes of large wood than
grazed counterparts. My result of no observed increase in LWD in exclosures was
expected as we did not see increases in larger tree. Opperman and Merenlender (2004)
found that it takes between 10-20 years for trees to establish and become a source of
LWD following the exclusion of grazing. In the John Day, arid conditions and the lack of
nearby seed sources likely results in a much longer response times of large trees to
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become established. Again, riparian plantings would likely increase the recovery rate of
larger woody plants.
Pool habitat is often associated with constraints in the stream channel (i.e.
boulders, canyon confinement, hillslope, bedrock), decreased channel gradient, or
retention structures (i.e. LWD, beaver dam, log jam; Gurnell et al. 1994, Collins and
Montegomery 2002, Montegomery and Piégay 2003) which causes water to back up or
scour a bowl shape in the channel bed (Knighton 1998, Bridge 2003, Brierley and Fryirs
2005). Because I did not observe an increased LWD, banks stabilized by vegetation, and
the removal of direct bank trampling I did not expect to see changes in riffle to pool and
width to depth ratios (Hubert et al. 1985, Overton et al. 1994, Magiiligan and McDowell
1997, Rosenfeld et al. 2000, Nagle and Clifton 2003, Raganath et al. 2009). I did detect a
difference in the riffle to pool ratio, but the difference was not in the direction that I
expected Indicating that exclosed sites had an increasing riffle to pool ratio while the
grazed remained static or decreasing slightly. Examples in the literature suggest that
the exclusion of grazing in riparian zones eventually result in the increase of riffle to
pool ratio, and a decrease in width to depth ratio, or both (Platts and Nelson 1985,
Overton et al. 1994, Magilligan and McDowell 1997, McDowell and Magiiligan 1997,
Roni et al. 2002, Nagle and Clifton 2003, Beard 2004, Raganath et al. 2009). There are
also studies that suggest that a plant response along stream banks must occur before
banks can begin to recover and rebuild following exclusion (Clary and Webster 1990,
Kondolf 1993, Overton et al. 1994). Estimates of the time required to detect a change in
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the channel morphology vary from 2 to > 100 years (Overton et al. 1994, Knapp and
Matthews 1996, Magilligan and McDowell 1997, Muhlfeld et al. 2001) indicating that
site specific conditions, geology, flow regime, upstream land-use, and sediment budgets
likely affect response time (Overton et al. 1994). An understanding of upstream landuse and pre-exclosure conditions at each site would help future studies to better
understand the mechanisms that may be affecting expected habitat arrangement
responses.
The width to depth ratio describes the cross-sectional shape of the habitat and
has been shown to increase in the presence of riparian grazing (Platts 1979, Kauffman
and Krueger 1984, Marlowe et al. 1987, Trimble 1994, Trimble and Mendel 1995,
Magilligan and McDowell 1997, Belsky et al. 1999). Width to depth ratios throughout
our study streams showed no significant difference between exclosed and grazed sites,
and also do not appear to be correlated with exclosure-age (Figure 1.7). Again, because
we saw little response in the channel forming vegetation, these results are not
unexpected.
Suitable O. mykiss habitat is not solely defined by geomorphology. Habitat
shape along with available forms of refugia from predation, high water velocities, and
temperature extremes are also required to complete the daily tasks required by juvenile
O. mykiss. Our analysis of fish hiding cover found that live overhanging vegetation, tree
structures, and small wood aggregates were not significantly different between
treatment and control reaches (Figure 1.12). Further examination of these variables, in
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light of our riparian analysis of shrubs and trees for our sites, indicate that perhaps the
findings of no significant difference is because overhanging vegetation and live tree
cover require a response in vegetation that we were unable to detect. Small wood
needed to form aggregates is mobile in the stream and require sources upstream that
may not exist due to ongoing land-use practices above exclosures. Small wood
originating within exclosures is likely downstream of the exclosed sites and in some
cases providing hiding cover in grazed sites that were surveyed downstream of
exclosures.
Undercut banks are also of hiding cover. We expected to find that the removal
of grazing would lead to a response in the vegetation community that would stabilize
banks by way of increased root biomass (Kauffman and Krueger 1984, Rosgen 1994,
Beeson and Doyle 1995), in concert with the removal of bank trampling, would lead to
increased undercut densities (Trimble 1994, Trimble and Mendel 1995) in exclosed sites.
We did document modest differences in vegetation community composition but were
unable to detect any significant difference in undercut bank densities between exclosed
and grazed sites. The composition of the bank material plays a critical role in bank
stability (Wolman 1959, Schumm 1960, Leopold 1995, Darby 1998) as does the timing
and duration of high flow events (Hooke 1979, Buckhouse et al. 1981, Marlow et al.
1987, Rosgen 1994), and antecedent soil moisture (Wolman 1959, Leopold 1995). To
better document undercut bank responses to grazing removal, the consideration of
bank material composition, peak flow frequency and duration, along with soil moisture
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conditions during periods of peak flow may inform future studies as to the mechanisms
that control bank stability at their sites that affect their measured response.
Habitat with boulders provide greater opportunities for refugia from predation
and velocity for O. mykiss however the amounts of large substrate, such as boulders,
that are found within a stream reach reflect local hillslope processes (Knighton 1998)
and are not likely responding to riparian exclosures that typically include a relatively
small buffer zone around the stream. With continued grazing in areas surrounding the
typical exclosure we would not expect a significant difference in boulders. I measured
boulders knowing that their presence was likely independent of the treatment, to
account for larger scale processes, they provide important services to stream fishes and,
if a difference were detected in response to grazing, it would be important to document
and explore.
Bed substrate responses to grazing exclusion are varied and are often
accompanied by a reason to question the findings. For example, Beard (2004) found
that the particle size in exclosures was decreasing but explained these results by citing
an upstream road crossing, in close proximity to his site, as the likely source of the fine
sediment input. Upstream land-use practices (Beard 2004), streambank composition,
and stream gradient are better predictors of bed substrate (Bridge 2003) then the local
removal of grazing (Myers and Swanson 1991). We measured and visually estimated
substrate at all sites and were unable to detect a statistically significant difference at
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any size class at the riffle scale. At the site level we did detect a significant difference in
the D50 but only in the oldest exclosures surveyed.
The literature on geomorphic responses to grazing is full of reasons why stream
channel morphology and substrate require more time to respond than riparian zone
variables (Overton et al. 1994, Knapp and Matthews 1996, Magilligan and McDowell
1997, Muhlfeld et al. 2001, Agouridis et al. 2005). In some cases, when thresholds are
crossed, the material required to restore channel morphology and substrate to the state
they were at prior to grazing no longer exist on the landscape or require a larger
watershed scale approach to stream restoration and must include restoration of
historical hydrology.
Knapp and Matthews (1996) suggested that by removing the YOY size class from
density estimates you can avoid possible bias that is introduced by the capture
likelihood of these smaller fish over a sampling season. Using the fish density estimates
without YOY we were unable to detect a difference in fish density at both our summer
and fall sampling events. Bayley and Li (2008) surveyed grazing exclosures in the John
Day Basin and found that YOY displayed preferential use of exclosed sites. By using a
fish density estimate that included YOY we confirmed their findings in the John Day
Basin during our summer sampling event. This begs the question why? It may be the
ability of smaller fish to utilize pocket water (Bisson et al. 1988) or predation and
competition may drive them from areas that larger fish inhabit (Lima and Dill 1990). The
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next step is to find out what occurs in exclosed reaches that leads to preferential use by
YOY?
We used fish density estimates by biomass and fish /m to estimate site level
production. We felt it was important to consider fish per meter for this analysis since
we had illustrated that YOY are more abundant in exclosed reaches (Figure 2.2) but we
expect that using biomass estimates that include YOY would be biased against small fish
(i.e. one large fish may weigh as much as 20 YOY). With these considerations in mind
we were unable to describe a difference in fish production between exclosed and grazed
sites. There are a number of reasons why this may be the case. The mobile nature of
fish allows them to move between, in and out of, and to new sites over the period of
time that we sampled. This means that a difference in growth of any fish may be
influenced by the time spent at a location in the stream system other than the location
at which it was captured. It is also important to note that there may not be a difference
in the factors that drive O. mykiss metabolism and growth (e.g. temperature, prey
abundance, and slack water holding areas) between exclosed and grazed reaches that
we surveyed. Future surveys may benefit from modeling that allows the investigator to
input the conditions found in each reach and remove fish movement to detect
differences in energy availability and metabolic budgets for specific reaches that could
then be compared (Hayes et al. 2007, Urabe et al. 2010, Jenkins and Keeley 2010). Fish
growth rates were nearly identical between exclosed and grazed reaches again pointing
to the same issues outlined above.
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Detecting a fish response to restoration efforts have been shown to be difficult
due to increased availability of hiding cover obscuring the location of fish (Bayley and Li
2008), equipment failure, insufficient sample size, and reach length (Roni et al. 2002).
Increased exclosure and survey lengths may be helpful in eliminating some of the noise
created by movement that likely occurs between exclosed and grazed reaches that are
separated by a relatively small buffer zone. Future work would benefit from the use of
models and/ or controlled experiments on closed populations to get at production and
growth under the conditions that are found in the field at different age exclosures. The
post hoc nature of our study and many like it (Sarr 2002) often make the detection of a
response noisy or impossible. The response of riparian zones, habitat, and O. mykiss
populations to grazing exclosures are difficult to accurately quantify when monitoring is
designed and implemented years after the fencing is installed. Accurate baseline data is
essential to strengthen inferential power of subsequent analysis for research or
adaptive management at the exclosed sites (Sarr 2002). The use of a before-aftercontrol-impact (BACI) type design would, not only provide pre-treatment data, but also
allow scientists to detect more discreet responses and account for the natural variation
(Underwood 1991) that is found in the natural systems in which we work.

Conclusion
Our study has provided evidence that understory plant communities are
responding to the exclusion of grazing in sites that have been fenced greater than 7
years as was expected. However, all other riparian zone variables (e.g. shrubs, trees,
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and shading) were not statistically significant between grazed and exclosed sites but do
appear to be on a trajectory towards a more healthy assemblage. Our findings indicate
that using exclosures alone, within the John Day basin, do not result in significant woody
vegetation responses in exclosures ranging in age from 2-25 years. We expected to find
that the recovery of a healthier riparian zone community would lead to increased
instream habitat heterogeneity.
We expect the riparian zone response to lead to a fish habitat response resulting
in greater growth, increased population, and generally more productive habitat. This
result is still possible, however, until the riparian response is significant the changes in
habitat do not appear to be sufficient enough to affect O. mykiss fitness. Many of the
variables we measured are trending in the direction expected but have not yet reached
a point, over 25 years, that are beneficial to O. mykiss.
We were unable to detect statistically significant differences in habitat variables
and even found that the R: P ratio was moving in the opposite direction of that which
we predicted (Figure 1.8). Lack of significant changes in habitat may be a product of one
or a combination of the following: insufficient time since exclosure, insufficient riparian
zone recovery, upstream land-use practices, insufficient number of high flow events
since exclosure, irrigation withdrawals, lack of upstream sources of LWD and substrate,
and post-hoc nature of the study designs we were limited to.
Future studies would benefit from pre-exclosure data such as that found using a
Before-After-Control- Impact (BACI) experimental design which accounts for changes
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between treatment and controls while also considers the natural variation that exists as
a result of stochastic variations in weather, geology, and other underlying variables
(Underwood 1991). Since many fencing projects have been ongoing for decades or
longer, a survey that includes much older sites (> 50 years) may be required to detect
changes using our experimental design.
We have described some limited responses to livestock exclusion occurring at
the riparian zone level. Since we expected riparian responses to elicit responses in
instream habitat, and have limited riparian response perhaps insufficient time has
elapsed for riparian zone variables to recover to a point that they can affect instream
habitat. A more active approach to restoration (e.g. plantings, supplementary
substrate) is likely required to get a more rapid response.
ODFW currently maintains exclosures for 15 years following installation after
which the land-owner can re-enroll in the program or can discontinue the program. This
results in unknown levels of maintenance in many older exclosures. Longer periods of
known maintenance and livestock exclusion along with increased vigilance in that
maintenance would likely result in decreased occurrence of deterioration of fencing and
livestock getting into exclosures, both of which were observed in no fewer than 3 sites
that were surveyed.
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Table 1.1: Size classes for estimating substrate size distribution (Peck et al. 2006).
Substrate type

Size class (mm)

Bedrock

Description
Bedrock material

Boulders

≥ 256

Basketball to meter stick

Cobbles

≥ 64 - 255

Coarse gravel

≥16 - 64

Marble to tennis ball size

Fine gravel

≥ 6 - 15

Ladybug to marble size

Sand

≥2-5

Smaller than ladybug size, but
visible as particles and gritty
between fingers

Fines

<2

Silt, clay, muck and not gritty
between fingers

Wood

Regardless of size

Wood and other organic
particles

Other

Regardless of size

Concrete, metal, tires, car
bodies, etc.

Tennis ball to basketball size

55

Table 1.2: Categories and descriptions of fish cover variables to be estimated by
channel unit. (Adapted from Bouwes et al. 2010)
Filamentous algae: Area of the channel effectively covered by long, streaming
filaments of microscopic algal cells that often occur in slow moving, nutrient rich
water with little riparian shading.
Macrophytes: Floating, submerged, or emergent water loving plants, including
mosses and wetland grasses that could provide cover for fish or
macroinvertebrates.
Large Wood: Large pieces of woody debris that can influence cover and stream
morphology (>0.3 m diameter).
Brush/Small Wood aggrgates: Smaller wood that primarily affects cover but not
morphology (<0.30 m diameter).
Live Trees or Roots: Area of the channel effectively covered by parts of trees,
including roots that are in the active channel and are alive.
Overhanging Vegetation: Includes tree branches, brush, twigs, or other small
debris that is not in the water but is close to the stream (within 1 meter of the
surface). In the case of overhanging riparian vegetation must be shielding at least
50% of the area beneath from overhead view (Fausch andNorthcote 1992, Riley
and Fausch 1995).
Artificial Structures: Area of the channel covered by artificial structures including
those placed in the channel for fish restoration, structures discarded in stream
(tires, old cars, etc.) or those placed in the stream for diversions, impoundments,
channel stabilization, or other purposes.
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Table 1.3: For each wetland indicator status, a wetland indicator value is assigned.
Wetland Indicator Status *
Wetland Indicator Value

Obligate
100
Obligate 92
Facultative Wet +
83
Facultative Wet
75
Facultative Wet 67
Facultative
58
Facultative
50
Facultative
42
Facultative Upland +
33
Facultative Upland
25
Facultative Upland 17
Upland +
8
Upland
1
* Status used are those for Northwest Region (region 9) (NRCS plant
database)
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Table 1.4: A PCA was used to determine which size classes explained the largest amount
of variability within our data. The resulting PCs were named based on the variables
within them and the notes explain both the name and the variables making up each PC.
Further analysis was ran only on the variables within PC1.
PCA of Estimated Substrate
PC
% of variance
Name
Notes
1

39.81

Small

2

21.79

Medium

3

13.392

Large

Total

74.99

Includes fine gravel (≥216mm), sand/fines (<2mm)
and wood (any embedded
organic material)
Includes cobble (≥64249mm), and coarse gravel
(≥16-64mm).
Includes bedrock and
boulders (≥250mm).
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Figure 1.1: A series of graphs have been used to describe our analysis. Circles represent
the difference in means between exclosed and grazed sites, solid line is best fit to the
difference in means after accounting for the age of the exclosure (year as a covariate), and
shaded area shows the 90% confidence intervals. Where the shading overlaps the 0-line
indicates no statistically significant difference between exclosed and grazed reaches.
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Figure 1.2: Difference in average wetland indicator values for treatment and control (grazedungrazed) paired reaches for the year since the exclosure was installed. Each open circle
represents a paired reach. Shaded area represents 90% confidence intervals.
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Figure 1.3: Difference in ubiquitous shrub species densities [Salix spp. (1), Alcanus
incana (2), and Cornus sericea (3)] for treatment and control (grazed-ungrazed) paired
reaches for the year since the exclosure was installed. Each open circle represents a
paired reach. Shaded area represents 90% confidence intervals.
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Figure 1.4: Difference in average density of trees within 6 size bins
(smallest size, top left, to largest size, bottom right) for treatment
and control (grazed-ungrazed) paired reaches for the year since
the exclosure was installed. Each open circle represents a paired
reach. Shaded area represents 90% confidence intervals. To the
right is the description of the BIN size classes.

Bin #
1
2
3
4
5
6

Size class
1-3cm
3-15cm
15-30cm
30-50cm
50-90cm
>90cm
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Figure 1.5: Difference in average shading values for treatment and control (grazed-ungrazed)
paired reaches for the year since the exclosure was installed. Each open circle represents a
paired reach. Shaded area represents 90% confidence intervals.
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Figure 1.6: Difference in average LWD volume (m3/m2) for treatment and control
(grazed-ungrazed) paired reaches for the year since the exclosure was installed. Each
open circle represents a paired reach. Shaded area represents 90% confidence
intervals. Lower Fox creek was removed from the analysis, there is no source of large
woody debris.
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Figure 1.7: Difference in average width to depth ratio for treatment and control (grazedungrazed) paired reaches for the year since the exclosure was installed. Each open circle
represents a paired reach. Shaded area represents 90% confidence intervals.
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Figure 1.8: Difference in average riffle to pool ratio for treatment and control (grazedungrazed) paired reaches for the year since the exclosure was installed. Each open circle
represents a paired reach. Shaded area represents 90% confidence intervals.
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Figure 1.9: Difference in Wolman pebble counts (by substrate size class) for treatment
and control (grazed-ungrazed) paired reaches for the year since the exclosure was
installed. Each open circle represents a paired reach. Shaded area represents 90%
confidence intervals.
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Figure 1.10: Difference in visually estimated substrate composition for treatment and control
(grazed-ungrazed) paired reaches for the year since the exclosure was installed. Each open circle
represents a paired reach. Shaded area represents 90% confidence intervals.
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Figure 1.11: Difference in boulder counts for treatment and control (grazed-ungrazed) paired
reaches for the year since the exclosure was installed. Each open circle represents a paired reach.
Shaded area represents 90% confidence intervals.
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Figure 1.12: Difference in fish cover variables for treatment and control (grazedungrazed) paired reaches for the year since the exclosure was installed. Each open
circle represents a paired reach. Shaded area represents 90% confidence intervals.
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Figure 1.13: Difference in the percentage of undercut banks for treatment and control
(grazed-ungrazed) paired reaches for the year since the exclosure was installed. Each open
circle represents a paired reach. Shaded area represents 90% confidence intervals
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Figure 1.14: Difference in average the rate at which water temperature changes along the
length of a reach for treatment and control (grazed-ungrazed) paired reaches for the year since
the exclosure was installed. Each open circle represents a paired reach. Shaded area represents
90% confidence intervals.
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Figure 1.15: Difference in fish densities (G/m) (summer and fall) for treatment and
control (grazed-ungrazed) paired reaches for the year since the exclosure was
installed. Each open circle represents a paired reach. Shaded area represents 90%
confidence intervals.
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Figure 1.16: Difference in fish densities (age 0+) for treatment and control (grazedungrazed) paired reaches for the year since the exclosure was installed. Each open
circle represents a paired reach. Shaded area represents 90% confidence intervals.
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Figure 1.17: Difference in summer fish production (G) for treatment and control (grazedungrazed) paired reaches for the year since the exclosure was installed. Each open circle
represents a paired reach. Shaded area represents 90% confidence intervals.
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Figure 1.18: Difference in fish growth rate for treatment and control (grazed-ungrazed) paired
reaches for the year since the exclosure was installed. Each open circle represents a paired
reach. Shaded area represents 90% confidence intervals.

